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ABSTRACT

The total elastic and positronium
formation cross sections of the

inelastic collisions between posi-
trons and various one-valence-

electron atoms, (namely hydrogen,

Lithium, sodium, potassium and
rubidium), and one-valence-elect-

ron ions, (namely hydrogen-like,
Lithium-Like and alkaline-earth

positive ions) are determined

using an elaborate modified coupl-

ed-static approximation. Special
attention is devoted to the behav-

ior of the Ps cross sections at

the energy regions lying above the
Ps formation thresholds.

The interest of many authors in the
collisions of positrons with one-

valence-electron targets has been

enormously increased in the last

couple of years. In case of atomic

targets (e.g. lithium, sodium, and

potassium), various investigations
have been carried out in order to

calculate the elatsic and excita-

tion cross sections under the as-

sumption that the positron/urn for-
mat/on channel, (which is open even

at zero incident energy), has ir-
relevant contribution to the total
inelastic cross sections. Particu-

larly, the very recent results of
Ward et at {l}, (for a review, see

the references therein), have em-

phasized this argument at energies

above 10 eV in comparison with the

careful experimental results of the

Detroit Group {2}.

For atomic targets (e.g. H, Li, Na,

K and Rb) as well as ionic targets
(e.g. hydrogen-like, Lithium-like

and alkaline-earth positive ions),
the author has determined total

elastic and positronium formation
cross sections on a unified basis

by virtue of a coupled-static for-
malism which allows for the switch-

_ng on of the positronium polarisa-
tion potentials. He also employed

a restricted coupled-static tech-

nique (with symmetrical reactance
matrices) for the treatment of the

positron collisions with alkali

atoms and alkaline-earth positive
ions. Tables I and 2 contain the
results of this treatment. It is

obvious that the role of the Ps

channel increases with the size of

the target and that interesting be-
haviors (resonances) show up in

most cross sections of the problems
considered. In table 3 we find the

values of the elastic cross sections

of the collisions of positrons with

hydrogeniike ions determined at

energies below the Ps threshotd of
+

e - H scattering. Figs. 1 and 2 show
the variation of the total elastic
and Ps formation cross sections with

a parameter 6_relate_ to the inci-
den s energy(k_) by k l = 13.6 (/tEpeE T
+6) L eV. From the first figure we

realize that the elastic cross sec-
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ORIGINAL PA(_E IS

OF POOR QUALITY
Table

Total

atom5

I

cross sections (in aoz) of the inelastic colllsIons of positrons wlth

calculated by the restricted coupled-statlc approximation.

a kall

2 (ev)
k[

+

e - LI e*- Na e*- K e +. Rb

011 012 °II °IZ °II 012 °II °12

0. I 941.469

0.3 801.315

0.5 738.766

0.7 680.242

0.9 645.286

1.0 636.696

3.0 369.131

5.0 230,472

7.0 152.337

9.0 103.806

10.0

20.0

30.0

46Lo
50.0

148.39P

91.865

75.972

83.902

88.222

90.263

74.413

58.970

47.781

32.34!

85.049: 25,222

27.835 3.558

17.929 1.080

1).760 0.426

11.362 0.191

6_5.270 77.975 719.379

655.901 45.666 320.254

704.790 28.423 455.333

710.515 100.675 4204.9_3

964.165 460.303 622.312

691.374 B9.)49 2482.024

458.965 61.487 599.794

258.300 47.046 399.824

144.570 51.064 253.556

107.87_ 58.372 189.309 115.814 _ 313.231 75.563

55.260 59.528 129.054 100.086 282.1_1 122.521

4.402 4.83) 32.591 )6.379 76._23 39.655

_.198 1._59 12.713 8.080 129'_75 _.456

2.04_ 0.574 11.357 0.62_ 43.668 [4.J05

1.818 0.253 10.137 0.249 _3.061 13.132

217.267 1_12._55 1_75.514

221.573 7849.010 3961.333

297.469 6953.694 1614.430

12_.410 4599.199 I087.248

102.161 ¢072.006 11_5.076

367.2ZZ 2522.331 1153.929

178.554 1316.109 52.05_

109.816 437.963 60.365

102.Z89 289.108 77.717

i_) oF t_e Inol4stlo scstterlnq ortotsL cross |ectlons {in

_sittcns by tMe 4iW_liAI-e_rth _os|tive ions determined by

the eeltriotea o¢_Jpled-iCetLo aOproxLmation. • denotes _he

switcMEn_ on of the PS ¢ola_i_eti_ #atdn_iei_ to the se¢_d

w_ {*v) *'" _1_* scittert_l • X_(eV) e'- Ng* scettertn4 •
OLI OlZ 012 _II °ll 01_

L2.0 339.9l_ 3.59_ _.7_3 |.$ _0,_9_ 5.410 30.170

12._ 3_9.797 _.9L7 IX.gO7 9.0 3_$._[_ IL,378 50,770
23_0 35_._94 e,7_| 1_.5_7 _.$ 320.99L lP.O7Z 70.3Z|
i3.5 )54.100 &.$77 [9._31 10.0 Z2_.$|7 Zt.777 _Z,PSZ

i_.5 ]SJ.ZTi t0,_0 19.7S4 11,0 235.333 _o.oo1 5_.71o
i_.O )$3._74 LI.ii9 _0.425 11.5 410.345 St,_O] _Z,387

16.0 33_.50e 1_.847 2l.a|S 12.$ 4L#.207 54._12 _e.49e

L4,$ 35Z,_�i 1|.4_4 ZZ.Ii7 1_.0 )|5._41 53,447 _.IZO
LT,O 3_0.43& 20,24d Z2.I_4 1),$ 340._S| 5_,_3 _5.9_Z

L7.$ 347.7§0 _1.$31 Zl.45ff i&,O 37|,77& Y4.397 _3.70Z
L|.O 3e$,)7| _2.3(g _L.346 1t,$ )75.171 58.009 _L.O6_

18.S 34_.fOI _.73Z Z0.75_ 15.0 370.471 $_.O&_ )$,170

_o.o 3)1.051 _l,?L4 10,231 20.0 _o_.?os 3o.$oo l$._d_
30.0 271.3_0 7,4#_ 5,l_l 30.0 2_d.TS| _,77t Z.ISZ

_o.o _33,1_1 _.159 L.315 40.0 2_|,ZlO 0.790 o,_se

ee - CI* soetteri_t e** $_* scettetlng

$,o ZLZ.O3L _d,3$_ 15_.151 _.0 55L.0_ 30.908 134.721
5.5 553,Z_4 _0.094 e).&4O _.5 S94.)7( _3.705 _5,74(

_.o L27,_5_ 8_._20 £7.42i 5.0 LOT_,_4& 40.Zil 9_.Z93
L.$ 409.|14 9_._4 0).999 5,5 94L.4_L e5.5_5 L_?.Z4)

7.0 21Z.ZZ9 IZ_,L_$ 99.10Z L,O 44Z.Z4t )_.4eO ZOO. L68
7.5 5Z4.6_ L10.75_ l)&,o|g 4,5 52_.357 1L6.505 IL4.357

e.0 5|b.0lS L_i.0_O 107.794 7,0 4_&._4_ 13L.OL_ 20L,023
$.5 _95.00_ ii7.O)_ l$t. Zg7 ?.$ 3K_.497 LL_._L io�.ae4

_,o $o4,_t6 lle.O#5 IzT.�Ji O.O _2|,_80 lJ7.14l lll;_az
9.5 S7|.44L I)2.J)4 13t.lP| 8.5 4_1._77 ILO.OS_ 73._4

lO.O 30J,O_O ZSLO0_ L1_,717 9,0 310.43Z 9|._Y? L10,0_9
lo.s 300,_7& 9_,15_ 7).77| 9,5 5_5.L54 8Z.&�e _4,_74

ll,O 37g. 5)| 1_1.?|] LOO.4)Y LO,O SSS.LLZ _4,_10 _O_._Zl
L1.$ 472.790 90.85_ _4.$_i LO.S 56_.77| i[.OO7 )0.790

3o.o 3_J.4d1 I,_9 4.30] ZO.0 41Z.TZ9 17.7Z5 ZZ.S7Z

to.o 254.7_4 5._7|- _._17 )o.o 35L)04 _.77_ _.LO_

50.0 19|,2Z1 5.2_ *,I40 LO,O 259,247 _,7Z3 3.14]

|ions of all ions decrease mono-

tonically with the increase oF 6,

while the Ps cross sections assume

the opposite behavior and decrease

(almost an order of magnitude) with
the inc£ease oF Z.

In Figs. 3 and b_ we present two

examples1=or our last investigation,

namely the collisions oF positrons

with l_thium-isoelectronlc [ons.

There we plot the relation between

l_the totalePs cross seot[o_s+ and the+
-t_ident nergy for e - C and e -

N , £espectively,with and w_thout

switching on the Ps polarisation

potentials. It is clea_ that these

potentials shift the maxima Of the

pure coupled'static cross sections

towa£ds the Ps thresholds {3}.
Finally, we hope that the present
wo_k would d£aw the attention of' =

positron community to the field oF

positron-ion collisions and encou-

rage the thee#isis 19 investigate

the problems tackled here using

mo_e etabocate techniques.
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TABLE3 - Total daslic c_o_s-sect(o,,s (_,_ af,) of the coll;sio,s o[ positro,_s w_tk d,/fe,'e,r

h;jdrogeJd_ke favgets a( eltevgle_ be{olu the p_ formntio_e thveshold _t¢ e'.H seaUe_i_ 9.

k,(eV) Targe!s

H He" Li _. Be :" B'" Na _s"

0.1 4.229 0.|37 0.1110 0.0415 0 01520 0,001 i96

0.5 |.113 04._A 0.1106 0.0414 0.0|9 IT 0.00119'5

i.0 3978 0.|30 0.1100 0.0413 0.01914 0.001 195

1.5 3,_J_ 0_J25 O, IC95 0.041 1 0.019 lO 0_00| 194

2.0 3.738 0.421 3. 1090 0.0410 0.0190"1 0,001 194

30 3.631 0.417 O. t085 0.0409 0.01903 0.001193

3.5 3.437 0.413 0.1080 0.0408 0.01900 0.001 193

4.0 3.350 0.409 0. t075 0.0407 0.01896 0.001 192

4.5 3.267 0.406 O. 1070 0.0406 0.01893 0.00! 192

5.0 3189 O, _O'Z. 0.1065 0.0405 0.01889 0.001191

55 3. i15 0398 0.[060 0,0403 0.01886 0,001 191

6.0 3046 0.395 O, 1055 0.0402 0.01882 0.001 190

6.5 2.978 0.391 0.1050 0.0401 0.01879 0,001 189

2.0

0 0.0+- 00a 0.1Z 0,111 _ 0.20

Fill t.. Comparison between the total eIMU¢ ¢ro_-lalctJonl or= _he inelastic ¢oilLlionl of
positroml with differtnt hyd_gen_ke tug'eta. Q e'-H, 0 e'.He', O e'-L_ ='. • • "-Bee', •

e-.B +° _atterinl.
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F'i¢. 2. - Compa."L_on b_twe_n the total po_irzonium tormat_on ¢_Nctioem ot the

inelutte co[]bdons ot po_dtzorm with different hydropn/_ _¢¢ c_ e'.[-[, O e°-He ",
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Fig', _]+ - Va-i_Uon of Lhe tcLal positronium format|on ¢r_ss-section Of !%C =* inela.stie
_catteHef _th the (nc+dent energy. • pure voup|ed.stttJ¢ ¢alculat_om;. m ooupled-stati¢
_s_th Ps pellrizaUolt

Fig, LL - Variation ot the LoUd po4itronium formation c'_[_seetion of e'-N'" inelastic

• catte_ieg _th the incident ener1_'. • pu.rleeoupled-_tatie clfltmlatio_. C] ¢oupled+s_tie
_th Ps poIlu_z.ttion.
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